Abstract
Introduction
Electronic cigarettes (e-cigarettes) are devices that aerosolize liquid that contains nicotine, humectants, and flavoring agents and mimic the experience of cigarette smoking. These devices are being aggressively marketed as smoking cessation aids and as healthy alternatives to cigarette smoking (1, 2) . Although e-cigarettes are not approved by the US Food and Drug Administration (FDA) as a cessation aid, they are perceived as healthier than cigarettes by adolescents (3), young adults (4), and adults (5, 6) . Adolescent cigarette smokers report that one reason they try e-cigarettes is because they want to quit cigarettes (3). But, unlike adults' reasons for using e-cigarettes, adolescents' top reason is not a desire to reduce cigarette smoking (6) (7) (8) (9) (10) ; for adolescents, curiosity, appealing flavors, and peer influences rank as higher reasons (3).
Public health concerns about adolescent e-cigarette use have been raised because the adolescent's developing brain is particularly vulnerable to the negative effects of nicotine neurotoxin and nicotine dependence (11) (12) (13) . Nicotine dependence may develop rapidly among at-risk youths who are still at relatively low levels of smoking, even before they progress to regular or daily smoking (14, 15) . Longitudinal evidence shows that early emerging dependence symptoms in adolescence predict a greater predisposition for continued smoking behavior in young adulthood (16) . High school students who are exposed to nicotine in early adolescence are also at higher risk for becoming highly nicotine dependent than are those exposed to nicotine later in adolescence, leading to more difficulty quitting (15) . Having a better understanding of the relationship between e-cigarette use and smoking cessation intentions and behaviors among adolescents can inform FDA regulatory efforts on adolescent e-cigarette use, including communicating harmful health effects of e-cigarette use to youths, correcting misperceptions about their role in smoking cessation and nicotine addiction, and providing adolescents with adequate cessation resources.
Little data exists on how adolescents use e-cigarettes in an attempt to quit cigarette smoking. Recent cross-sectional data show that e-cigarette use among US adolescents was associated with lower odds of abstinence from cigarette use for 30 days or more (17) . Planning to quit smoking cigarettes within the next year was positively associated with ever using e-cigarettes, but not with currently using e-cigarettes, and attempts to quit smoking were not associated with ever using or currently using e-cigarettes (17) . Another US study of adolescent smokers reported that ever using ecigarettes was not associated with an intention to quit smoking (18). In a study of Korean adolescents, e-cigarette use was associated with higher odds of ever having attempted to quit smoking in the past 12 months among current cigarette smokers and lower odds of smoking cigarettes in the past 30 days among youths who had ever smoked cigarette, suggesting some youths may be using e-cigarettes as a cessation aid (19). These studies showed that current e-cigarette users were significantly less likely to have abstained from smoking cigarettes in the past 30 days; nevertheless, the relationships between e-cigarette use and intentions or attempts to quit cigarettes were mixed. Recent evidence supports the efficacy of psychosocial interventions for smoking cessation among adolescents, and some findings support the efficacy of nicotine replacement treatments (20). However, there is insufficient evidence to determine the efficacy of pharmacological treatments among adolescents (20).
We used cross-sectional data from the 2011 and 2013 North Carolina Youth Tobacco Survey (NCYTS) to examine relationships between using e-cigarettes and cigarette smoking among adolescents and to test whether e-cigarette use is associated with intention to quit cigarette smoking, attempts to quit, and various quit methods. In addition, we studied trends in adolescents' e-cigarette use over time.
Methods

Data source
The NCYTS is a voluntary, anonymous, school-based survey of middle and high school students administered biannually since 1999. The NCYTS survey uses a 2-stage cluster probability sampling design to produce a representative sample of students in grades 6 through 12 (21). Our study consisted of public high school students only (grades 9-12) because adolescents of high school age are more vulnerable than younger adolescents to experimenting with risky behaviors, including dual use of cigarette and e-cigarettes, The Centers for Disease Control and Prevention funded and approved the NCYTS, which is conducted to evaluate state tobacco control efforts. Our study, which used secondary data analysis, was reviewed by the Office of Human Research Ethics at the University of North Carolina, Chapel Hill, which determined that the study did not constitute human subjects research as defined under federal regulations 45 CFR 46.102 (d or f) and 21 CFR 56.102(c)(e)(l) and did not require institutional review board approval.
Measurement
Use of e-cigarettes and cigarettes. To assess cigarette smoking, we asked students whether they had ever tried cigarette smoking, even 1 or 2 puffs; when the last time was they smoked a cigarette, even 1 or 2 puffs; and how many days they smoked cigarettes during the past 30 days. Students who reported that they had ever smoked cigarettes, but not in the past 30 days, were categorized as "past users." Those who reported smoking cigarettes at least 1 day in the past 30 days were categorized as "current users." Current and past use of e-cigarettes was assessed by 2 questions: "In the past 30 days, which of the following tobacco products have you used on at least one day?" and "Which of the following tobacco products have you ever tried, even just one time?" Students who responded they had used "electronic cigarettes or e-cigarettes, such as Ruyan or NJOY" on at least 1 of the past 30 days were categorized as current users. Those who said they had ever used e-cigarettes, but not in the past 30 days, were categorized as past users. Students who never tried cigarettes or e-cigarettes were categorized as "never users." Students who both smoked cigarettes and used e-cigarettes in the past 30 days were categorized as current users of both. Students were also asked about their intention to try e-cigarettes with the question (asked in the 2013 survey only), "In the next year, which of the following tobacco products do you think you will try?" Students who responded "electronic cigarettes or ecigarettes, such as Ruyan or NJOY" were considered as intending to try e-cigarettes.
These demographic variables were used as covariates in analysis to adjust for sex, grade (9 th -12 th ), and race/ethnicity (white, black, Hispanic, and other).
Intention to quit cigarette smoking. Intention to quit cigarette smoking was measured with the question "Do you want to stop smoking cigarettes for good?" with response options "Yes," "No," and "I do not smoke now." Quit attempts for cigarette smoking were measured with the question "During the past 12 months, how many times have you stopped smoking for 1 day or longer because you were trying to quit smoking cigarettes for good?" Students who chose 1 or more times (possible responses were 1 time, 2 times, 3-5 times, 6-9 times, and ≥10 times) were categorized as having tried to quit smoking; those who chose "did not try to quit smoking cigarettes" were categorized as not having tried to quit smoking; those who reported not smoking cigarettes during the past 12 months were categorized as not smoking cigarettes. Length of last period of abstinence from cigarette smoking was based on responses to the question "When you last tried to quit for good, how long did you stay off cigarettes?" Response options were "less than 30 days," "30 days," "6 months," and "1 year."
Students were asked, "In the past 12 months, did you do any of the following to help you quit using tobacco of any kind for good?" Students could select 1 or more of the following responses (Table  1) : "attended a program at my school," "attended a program in the community," "called a telephone help line or telephone quit line," "used nicotine gum," "used nicotine patch," "used any medicine to help quit," "visited an Internet quit site," "got help from family or friends," "used another method such as hypnosis or acupuncture," "tried to quit on my own or quit cold turkey," "I did not try to quit during the past 12 months," and "I did not use tobacco of any kind during the past 12 months." A variable was derived from answers to this question to classify students into 4 groups: "used any quit aid" for those who used any aid but not quit cold turkey, "quit cold turkey only" for those who answered "tried to quit on my own or quit cold turkey" only, "did not attempt to quit," or "did not use tobacco."
Statistical analysis
NCYTS data are statistically weighted to reflect the likelihood of sampling each student and to reduce bias by compensating for differing patterns of nonresponse. Data were analyzed by using STATA version 13.1 (STATA Corp) survey procedures to account for the complex survey design and sampling weights unless stated otherwise. We used χ 2 tests to compare sample characteristics and to examine descriptive statistics for each covariate. Multinomial logistic regression analyses were conducted to examine associations between predictors (ie, cigarette use, quit intention, quit attempt, length of last abstinence period) and use of 3 outcome categories: never, past, and current e-cigarette use in 2013. Adjusted relative risk ratios (RRRs) were calculated in reference to the base group (ie, never e-cigarette users). Separate models were used for each cessation-related predictor because of collinearity between the predictors. All models were adjusted for sociodemographic variables.
Results
E-cigarette prevalence. Participants in the current study were 4,791 students from 90 high schools who participated in the 2011 NCYTS and 4,092 students from 83 high schools who participated in the 2013 NCYTS. The overall response rates combining school and student levels were 78.2% in 2011 and 67.8% in 2013. Of the high school students in the 2011 and 2013 surveys, about half were male and more than 50% were non-Hispanic white (Table 2). The prevalence of current e-cigarette use among North Carolina high school students increased significantly, from 1.7% (95% CI, 1.3%-2.2%) in 2011 to 7.7 (95% CI, 5.9%-10.0%) in 2013 while current cigarette use declined from 15.1% (95% CI, 13.7%-16.7%) to 13.1% (95% CI, 11.6%-14.7%) ( Table 2) . A notable increase occurred in the proportion of current e-cigarette users who had never smoked cigarettes from 2011 (n = 7, 7.8%; 95% CI, 6.6%-8.6%) to 2013 (n = 26, 11.6%; 95% CI, 8.3%-16.0%). Among students who reported in the 2013 survey that they thought they would try e-cigarettes in the next year, 20% had never smoked cigarettes. Concurrent use of cigarettes and ecigarettes was 4.4% (95% CI, 3.3-5.8) among students surveyed in 2013, which was 3 times more than concurrent use of both products in 2011 (1.3%; 95% CI, 1.0%-1.8%). Multinomial logistic regression analysis for both 2011 and 2013 confirmed that current cigarette use was strongly associated with both current and past e-cigarette use after adjusting for sociodemographic variables (RRR=18.68; 95% CI, 12.95-26.93 for current e-cigarette use in 2013; RRR = 46.17; 95% CI, 28.98-73.55 for past e-cigarette use in 2013) (Table 3) .
Smoking cessation behaviors and e-cigarette use. The number of adolescents who got tobacco cessation help was low. Among those who responded that they used any method to quit tobacco for good in the past 12 months (n = 517), the majority (n = 357; 70.1%) reported trying to quit on their own or "quit cold turkey" (Table 1) . Among those who reported using cessation aids, nicotine gum (8.7%) and "help from family or friends" (8.3%) were the most common methods reported by students, followed by "attended a PREVENTING CHRONIC DISEASE VOLUME 13, E103 PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY AUGUST 2016 The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services, the Public Health Service, the Centers for Disease Control and Prevention, or the authors' affiliated institutions.
www.cdc.gov/pcd/issues/2016/15_0564.htm • Centers for Disease Control and Preventionprogram" at their school or community. More than half of adolescents who reported that they used only "quitting cold turkey" (n = 317) were either current e-cigarette users (24.1%) or past e-cigarette users (33.1%). Fewer of those who reported using at least one cessation aid to help them quit than those who reported using only "quit cold turkey," reported current e-cigarette use (15.5%) or past e-cigarette use (16.2%) (data not shown).
Correlates of current e-cigarette use. Table 4 shows factors significantly associated with current and past e-cigarette use in 2013. Overall, adolescents who were male, older (in higher grades), nonHispanic white or Hispanic (compared with non-Hispanic black), had no intention to quit smoking cigarettes, or made no attempt to quit smoking cigarettes were more likely to be current e-cigarette users. Adolescents who had ever abstained from cigarette smoking for long periods and used cessation aids were less likely to be current e-cigarette users than those who made no quit attempt in the past 12 months. For example, compared with students who did not want to stop smoking for good, those who did want to stop smoking were 0.51 times more likely than nonusers to be current e-cigarette users (RRR = 0.51; 95% CI, 0.29-0.87). Current e-cigarette use was negatively associated with trying to quit smoking cigarettes in the past 12 months (RRR = 0.69; 95% CI, 0.49-0.97) and ever abstinence from cigarette smoking for 6 months (RRR = 0.42; 95% CI, 0.21-0.82) or 1 year (RRR = 0.21; 95% CI, 0.09-0.51). No association existed between reported ever abstaining for less than 6 months and current e-cigarette use. Students who reported using any kind of cessation aid to quit using tobacco in the past 12 months, including medication and family and friend support, were less likely to be current e-cigarette users (RRR = 0.46; 95% CI, 0.29-0.74).
Correlates of past e-cigarette use. Similar to current e-cigarette use, older, non-Hispanic white, and Hispanic students were more likely to be past e-cigarette users (Table 4) . However, past e-cigarette use was not associated with adolescent intentions to quit cigarette smoking for good (RRR = 0.83; 95% CI, 0.50-1.36, P = .45), trying to quit smoking cigarettes in the past 12 months (RRR = 1.10; 95% CI, 0.68-1.80, P = .68), or ever abstinence from cigarette smoking. Students who quit cold turkey without any other cessation aids were more likely to be past e-cigarette users (RRR = 1.72; 95% CI, 1.21-2.45). Students who used cessation aids to help them quit tobacco were less likely to have used e-cigarettes in the past, but this association was moderate (RR = 0.58; 95% CI, 0.33-1.02, P = .06).
Discussion
The prevalence of e-cigarette use and concurrent use of e-cigarettes and cigarettes among North Carolina adolescents increased rapidly from 2011 to 2013, consistent with national data (17, 22) . Given that e-cigarettes have recently become the leading form of tobacco used by US adolescents (22), the rapid increase in e-cigarette use among North Carolina cigarette "never smokers" is also concerning. Longitudinal research began to monitor the relationship between e-cigarette use and initiating cigarette smoking over time and demonstrated that e-cigarette use leads to cigarette smoking, which could potentially become the initial source of nicotine exposure and create a new generation of adolescents with nicotine addiction (23,24).
Our finding illustrated that North Carolina adolescent cigarette smokers who intended to quit or made any attempt to quit smoking cigarettes in the past 12 months were less likely to be current e-cigarette users. Such results are not surprising given that cessation is a far less commonly cited reason to use e-cigarettes among adolescents than adults (3). The relationship between e-cigarette use and intention and attempts to quit cigarette smoking were mixed across studies of US adolescents and Korean youths (17) (18) (19) . The discrepant findings on quit intentions and attempts among the current and previous studies may be explained by several factors. Reasons for trying e-cigarettes may vary significantly by smoking cessation intentions and frequency of e-cigarette use, thereby making an association between cessation intentions and the use pattern of e-cigarettes nonsignificant. Research, including our study, often defines current e-cigarette use as any reported use in the past 30 days; thus, current e-cigarette users may include experimenters, unlike frequent users, who usually have different reasons for using e-cigarettes and will persist in using e-cigarettes (25). The definitions of quit intentions and attempts also vary across studies. Marked variation across studies in the measurement of adolescent e-cigarette use makes results difficult to interpret (26). Future research needs to use consistent and validated measures to assess quit intentions and attempts and to examine reasons for using e-cigarette by e-cigarette use frequency.
Similar to the findings of quit intentions and quit attempts, adolescent cigarette smokers who had ever abstained from cigarette smoking for 6 months or more were less likely to be current e-cigarette users. Future research should examine adolescents' reasons for using cigarettes to determine whether they use e-cigarettes to quit smoking cigarettes, whether they did not want to quit smoking entirely but sought a healthier alternative, or whether they simply experimented or used e-cigarettes for recreational reasons rather than for cessation reasons. Longitudinal research is needed to determine the causal relationship between e-cigarette use and cessation outcomes by tracking the patterns of cessation behaviors and e-cigarette use and examining reasons for using ecigarettes over time.
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The majority of adolescent tobacco users reported that they either had tried to quit cold turkey or did not try to quit at all in the past 12 months. These adolescents may have felt invulnerable to health-threatening behaviors, felt optimistic about their chances of avoiding harm compared with adults' chances, believed they were less addicted to smoking, and believed quitting would be easy (27,28). Our results also found that adolescents who reported they had used any cessation aids were less likely to be current e-cigarette users; on the other hand, those adolescents who tried quitting on their own were more likely to have used e-cigarettes in the past. It is unclear whether these adolescents experimented with e-cigarettes out of curiosity, or used e-cigarettes as a cessation aid or a healthier alternative. Future research should understand the role of e-cigarette use in adolescents' cessation behaviors by examining adolescents' reasons for using e-cigarettes and distinguish between e-cigarette motivated users (eg, quitting smoking as a goal-oriented reason) and e-cigarette experimenters (eg, curiosity as a nongoal-oriented reason) (9) .
Additional limitations of this study should be noted. The limited terminology of the question on e-cigarette use may underestimate e-cigarette use because it does not include terms such as "vapes," which are commonly used by adolescents (29). The lack of a specific time frame for the measure of length of last abstinence limits our ability to examine relationships with current e-cigarette use. Our findings may not generalize to adolescents in populations other than North Carolina high school students; however, our results are similar to national results for adolescent tobacco use in the United States. Finally, because NCYTS uses a cross-sectional design, causal relationships cannot be determined, but many associations are consistent with previous cross-sectional data, providing important directions for future longitudinal research.
Our findings about rising dual use of e-cigarettes and cigarettes, along with associations between e-cigarette use and lower cessation intention and behaviors, have implications for public health practice and cessation clinic services. Our research supports FDA's recent announcement to extend its authority to regulate ecigarettes as tobacco products, which includes prohibiting unsubstantiated cessation aid claims and restricting the sale of e-cigarettes to adolescents under age 18 (30). The American Academy of Pediatrics called for stronger regulation of e-cigarettes, urged pediatricians to offer tobacco cessation counseling and FDA-approved treatments appropriate to an adolescent's level of addiction and readiness to change, and disapproved e-cigarette use as a recommended treatment product for tobacco dependence (13) . Messages about negative effects of e-cigarette use, including the severity and rapid development of nicotine neurotoxin and addiction, on adolescents' health should be part of this counseling and youth tobacco control media campaigns as well. Did not use tobacco 0.15 (0.11-0.19) <.001 0.00 (0.00-0.00) <.001
Abbreviations: CI, confidence interval; RRR, relative risk ratio. a Separate models were used for each cessation-related predictor and were adjusted for sex, race, and grade.
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